The aim of this study was to evaluate the potential use of two bioregulators, 24-epibrassinolide (BR) and salicylic acid (SA), as attenuators of drought stress on common bean plants (Phaseolus vulgaris L.). This was done by subjecting the plants to three different soil moisture levels, and then analyzing: gas exchange by the leaves, enzymes of antioxidant metabolism (superoxide dismutase, catalase and ascorbate peroxidase), total soluble protein content, photosynthetic pigments, relative leaf water content, and biometric parameters. Neither SA nor BR had significant effects on the parameters of gas exchange and photosynthetic pigments, but they helped to regulate the levels of hydrogen peroxide in the plants, by adjusting both ascorbate peroxidase activity and catalase activity. Therefore, SA and BR are considered to be useful treatments for increasing tolerance to water stress in common bean plants, because their use caused improvements in the plants' protective mechanisms against drought stress, without any detrimental side effects.
INTRODUCTION
Drought stress occurs frequently in major agricultural areas (Muñoz-Perea et al., 2006) , and has adverse effects on photosynthesis, plant growth and productivity (Zlatev and Lidon, 2012) . However, plants have developed sophisticated mechanisms to tolerate abiotic stress, such as plant hormones: these are small organic molecules that act as signals to the plant in its growth, differentiation and development (Davies, 2010) . Recently there has been emphasis on new hormonal classes, such as brassinosteroids and SA, both of which have already been explored as potential bioregulators for the attenuation of plant stress by activating protective responses in plants submitted to different abiotic stresses, such as: soil salinity (Misra and Saxena, 2009; Javid et al., 2011) , drought (Arivalagan and Somasundaram, 2016; Jangid and Dwivedi, 2017) and temperature (Martel and Qaderi, 2016) .
Significant progress has been made in our knowledge of the biosynthesis, metabolism and signalling of these compounds (Peleg and Blumwald, 2011) . Brassinosteroids have been shown to have beneficial physiological effects on stem elongation, root growth, nutrient absorption, differentiation of xylem vessels, germination, fruit abortion, senescence induction, ethylene synthesis and resistance to the stresses of cold, salinity, diseases and herbicides (Ashraf et al., 2010) . While SA alter ethylene synthesis, seed germination and leaf transpiration (Davies, 2010) , change the photosynthetic pigments and plant dry mass (Kaydan et al., 2007) , and stimulates the accumulation of proline and glycine (Misra and Saxena, 2009 ).
The common bean (Phaseolus vulgaris L.) has great nutritional, economic and social importance, mainly in the poor regions of Africa and Latin America (Broughton et al., 2003) ; however it is considered to be a crop that is sensitive to environmental stresses such as drought or flooding (Souza and Lima, 2012) . Therefore, it is essential to find simple, low cost agronomic technologies for application to common bean crops that improve crop quality and quantity. In other words, bioregulators are needed that are able to mitigate abiotic stresses in this crop. Thus, common bean plants exposed to water scarcity or excess may have their growth and development modulated by the use of bioregulators.
That being the case, this research aims to characterize the effect of BR and SA on common bean plants that are submitted to different levels of soil moisture.
MATERIAL AND METHODS

Experimental and plant growth conditions
The experiment was carried in a greenhouse, located at coordinates: 19°12'49.5"S 46°13'57.8"W, between February and April 2017. The air temperature was kept between 21 °C and 38 °C to avoid potential photochemical damage (Ribeiro et al., 2015) . The commom bean seeds were sown in plastic pots (5 dm³) containing a clayey oxisol that had the following chemical characteristics: Organic Matter: 22 g dm -³; P: 11.0 mg dm -³; K: 1.2 mmol dm -³; Ca: 18 mmol dm -³; Mg: 5.3 mmolc dm -³; pH 5.3. Fertilizer of analysis 4-14-8, respectively: nitrogen, phosphorus and potassium, was applied to the pots according to the recommendations of Ribeiro et al. (1999) , and then 6 common bean seeds (Phaseolus vulgaris L. cv. Carioca) were planted per pot, with thinning 14 days after planting (DAP) to two homogenous seedlings per pot.
Imposition of the treatments
For the first 50 DAP the soil moisture levels was maintained at 90% of field capacity (FC). Then, when the plants were at the phenological stage R5, prefloration of development (Fernandez et al., 1982) , the soil moisture content was adjusted to three levels: 100%, 80% and 60% of FC, as determined by the methodology of Fernandes and Syke (1968) . Soil moisture levels was controlled daily during stress imposition, quantifying water loss by weighing each pot and adding the amount of water lost, with water stress being maintained for 8 days, during which time the foliar application of the bioregulators took place.
The foliar application consisted of the following treatments: water (control treatment), 0.10 μM BR, and 1.0 mM SA, all associated with 0.1% Break-Thru ® , an adhesive spreader (Evonik Goldschmidt Chemical Corp., Hopewell, VA). The treatments were applied by a hand sprayer, with 1.0 L of capacity and 300 KPa working pressure, during the first and third days of water stress.
Analysis of leaf pigments
During the collection of material for the biochemical analyses, samples were also collected to evaluate the pigment content, which was done by using the solvent extraction methodology (80% acetone), modified according to Macedo et al. (2013) , without macerating the plant tissue. The readings were taken in a spectrophotometer at wavelengths of 645, 652 and 663 nm for chlorophyll a, b and total (Witham et al., 1971) , and 470 nm for carotenoids (Lichtenthaler and Wellburn, 1983) . The results were reported as milligrams of the pigment per gram of fresh weight of leaf tissue (mg g -1 ).
Determination of gas exchange
Gas exchange readings of the plants took place between 9:00 and 11:30 am, 24 hours after the second bioregulator application, on the fifth day after stress imposition. Measurements were taken by an infrared gas analyzer (LI-6400XT; LI-COR Inc., Lincoln, NE, USA) equipped with a modular fluorometer (LCF-40 LI-COR Inc.) under PPFD 1200 μmol m -2 s -1 , and a CO 2 ambient concentration of 400 μmol mol -1 . By this means, the variables: net assimilation rate of CO 2 (A), stomatal conductance (g s ), leaf transpiration (E) and intercellular pressure of CO 2 (C I ) were quantified.
Analysis of the relative water content of leaves
Leaves were collected from the middle of the plant, at 58 DAP, to analyze the relative water content (RWC), after which the samples were weighed individually to obtain fresh weight (FW).The samples were then placed in Falcon ® tubes with 50 mL of water for 24 hours, and weighed again to obtain the turgid weight (TW). Finally, the samples were placed in a forced-circulation air oven for 72 hours at 70 °C, and again weighed to obtain the dry weight (DW) (Yamasaki and Dillenburg, 1999) .
The RWC (%) was calculated by the following formula:
Where: FW (Fresh Weight); DW (Dry Weight) and TW (Turgid Weight).
Biochemical analysis
Leaves were collected from each treatment, to perform the biochemical analysis, on the seventh day after the imposition of water stress. In the laboratory, the leaves were macerated in liquid nitrogen with a porcelain mortar to obtain the protein extract. Total soluble protein (TSP), superoxide dismutase activity (SOD), ascorbate peroxidase activity (APX) and catalase activity (CAT) were determined. Leaf analysis of TSP followed the methodology described by Bradford (1976) , with the results expressed in mg TSP g -1 fresh matter.
For CAT determination, a 12.5 μL aliquot of the enzyme extract was added to 500 μl 200 mM potassium phosphate buffer, pH 7.0 and 400 μl H 2 O Milli-Q at 27 °C and 50 μl 250 mM and 37.5 μL H 2 O. The enzyme activity was determined by measuring the absorbance reduction of the samples at 240 nm, due to H 2 O 2 consumption (Havir and McHale, 1987; Anderson et al., 1995) .
The APX was determined according to the method described by Nakano and Asada (1981) , by the reaction consisting of 80 mM potassium phosphate buffer pH 7.0; ascorbate (5 mM); EDTA (1mM); H 2 O 2 (1mM) and vegetable extract. The activity was determined by the degradation of the hydrogen peroxide during one minute, and consequent modification in the absorbance at 290 nm, the results were expressed in µmol min -1 mg protein -1 .
Shoot dry mass, number of shoot nodes and flower bud
These variables were analyzed on the sixth day after the imposition of soil moisture levels. The plant shoot was dried in an oven for 72 h at 60 °C to obtain the shoot dry matter (g). The total number of flower buds and the nodes in the main stem, were measured from two plants of each pot, and the mean values of each pot were used for subsequent analysis.
Statistical analysis
The experimental design was completely randomized, in a 3x3 factorial scheme, respectively, three applications of plant regulators (BR, SA and water as a control) and three soil moisture levels (100%, 80% and 60% FC). The factorial scheme was adopted to analyze the interaction between plant growth regulators and soil moisture levels.
The means were submitted to an analysis of variance (ANOVA), to prove, or not, the validity of the hypotheses (Zimmermann, 2014) . After analysis of variance were performed the regression analysis to evaluate the qualitative variables, in the other hands, to evaluate the soil moisture level, and the LSD test (at 5% of significance) was done to verify the effect among different bioregulators. Each treatment had 4 replications (n=4). The analyses were conducted using Sisvar Software (Ferreira, 2011) .
RESULTS
The majority physiological and biochemical responses were observed, in common bean plants subjected to soil moisture levels or the interaction between soil moisture levels and exogenous application of bioregulators, Table  S1 and Table S2 . However, when plants were cultivated in 100% of soil moisture saturation, and the SA treatment was applied, we observed an increase in synthesis of chlorophyll a, with gains of 20% over the control treatment (Table 1 ). An analysis of the water levels regressions for each bioregulator showed that the increase in water status led to a linear increase in chlorophyll a content, and that the plants under maximum soil moisture conditions (100% FC) (Table 1) . Similar result occurred for total chlorophyll content, in which plants treated with BR and SA showed gains in this variable, when the water content in the soil gradually increased (Table 1) . After analysis of f test, we do not observe significant interaction for chlorophyll b, however, the analysis of variance (ANOVA) showed only effect for soil moisture levels for chlorophyll b content (Table 2 ). For carotenoids content was found a significant interaction between soil moisture levels and the leaf bioregulators application (Table S1 ), in which plants at The bioregulators had no effect on the gas exchange parameters, either acting in isolation or interacting with the soil moisture levels (Table S1 ), however, the increased availability of water in soil have a significant effect on these parameters: the higher water content in the soil, the higher the net assimilation rate of CO 2 (A), stomatal conductance (gs) and leaf transpiration (E) ( Table 3) , surprisingly, the high levels of water in soil did not negatively affect gas exchange (Table 3 ). The internal concentration of CO 2 (Ci) was unaffected by different soil moisture levels or the application of bioregulators (Table S1 ).
Regarding the relative water content of the leaf tissue, there was no significant interaction of water content and bioregulators (Table S1 ). Yet, there was an increase in leaf water content following the gradual increase of water in the substrate: the treatment of 80% of FC resulted in the highest leaf water status, possibly by maintaining a more satisfactory transpiration (Table 3) .
A positive effect of soil moisture levels on antioxidant metabolism was reported, whereby well-hydrated plants presented low levels of CAT and APX, without having effect on SOD (Table S2 ). Neither bioregulator interfered in CAT activity, when the plants were irrigated with 60 or 80% water in the soil (Table 4) , but under 100% water saturation conditions, the bioregulators expressed higher activity of this enzyme. For APX activity the application of BR and H 2 O on common bean leaves had similar responses, as the water level in the soil increased, expand its activity, until it reaches the maximum at 100% of FC (Table 4) , meanwhile, the use of SA leaf treatment presented a quadratic effect (Table 4) .
There was a significant interaction between soil moisture levels and bioregulators for the biometric variables (Table S2) , SA proved to be extremely efficient in increasing the accumulation of shoot dry matter under 100% of FC, where it was found 78% of gains on shoot dry mass when compared to the control (Table 5 ). The application of SA resulted in a linear model for SDM, when evaluated the soil moisture levels (Table 5 ).
Both bioregulators showed a significant result for numbers of nodes per plant, when the plants were subjected to low and high soil moisture levels, were the use of SA and BR promotes a considered gain on the number of nodes, however, under 80% FC these bioregulators not showed positive or deleterious effects on common bean node number. For water leaf treatment, we observed a expressive response of soil moisture levels on node number expression, were 80% FC showed a better level of water for presence of node number (Table 5 ). And the soil moisture levels alone had a significant, positive, linear effect on the number of flower buds per plant ( Table 6 ). photosynthetic pigments at 60% FC. Neither of the bioregulators affected chlorophyll b content: the only reduction in the concentration of this pigment occurred due to restrictions in the availability of soil water (Fig. 1) .
Stress factors, such as low water availability (Kiani et al., 2008) and salinity (Fayez and Bazaid, 2014) , result in significant reductions in pigment content. This phenomenon can be attributed to the degradation of chlorophyll content Chlorophyll a content (mg g -1 FM), total (mg g -1 FM) and carotenoids (mg g -1 FM), in common bean plants subjected to different soil water levels (60%, 80% and 100% FC), and to applications of two bioregulators (SA and BR). The t test showed differences at 10% significance for chlorophyll a and total, and 5% for carotenoids
DISCUSSION
Leaf application is the most effective way to promote growth responses, or to mediate different physiological processes under stress conditions (Ashraf et al., 2010) . From this perspective, the foliar application of the bioregulators led to gains in chlorophyll a, total chlorophyll and carotenoids when the plants were grown at 100% FC, but caused reductions in the concentrations of these .00 a 5.75 a 6.25 a --SA 6.25 a 6.25 a 6.25 a --Mean 5.66 6.08 5.83 --Means followed by the same letter in the column between bioregulators treatment on plant leaf, inside soil moisture level, do not differ from each other according to test LSD (Least Significant Difference), at 5% of significance, (n=4). Means presented in the in the row inside each bioregulators at different soil moisture levels, represent a regression analysis, with respective model better fitted and determination coefficient. Equations of regression: *y=-11.325 + 0.327x -0.0019x²; # y=-2.135 + 0.0486x; and + y=-16.250 + 0.55x -0.0034x² (Reddy et al., 2004) , combined with the reduction of its biosynthetic pathway (Nikolaeva et al., 2010) . The adverse effects of abiotic stresses on photosynthetic pigments can be counteracted by the exogenous application of SA (Idrees et al., 2011; Fayez and Bazaid, 2014) , or the exogenous use of brassinosteroids (Siddiqui et al., 2018) .
Plants grown under conditions of low water availability showed reductions in CO 2 assimilation, stomatal conductance and transpiration, a result reversed with increasing soil water (Fig. 2) . Water restriction is highly detrimental to gas exchange processes in the common bean, due to the closure of the plant's stomata (Chaves et al., 2002; Santos et al., 2009; Mathobo et al., 2017) . The water content of the leaves was highly responsive to soil water levels: the more water available to the plant, the greater the relative water content of the leaves. Water influx allows greater turgor of guard cells, and results in greater stomatal opening and higher photosynthetic efficiency (Chaves et al. 2002) , corroborating with these results.
Neither soil moisture levels nor bioregulators affected the CO 2 concentration in the leaf mesophyll (C i ), which is the opposite result to that reported by Mathobo et al. (2017) , who found an increase in intracellular carbon concentration at the higher level of water stress in common bean plants. SA and BR had no effect on the RWC and gas exchange regulation of plants subjected to water deficit, contradicting studies that pointed out the attenuation of plant stress by the use of these bioregulators (Fayez and Bazaid, 2014; Siddiqui et al., 2018) .
Normal aerobic metabolism produces reactive oxygen species (ROS); however plants have sophisticated defence mechanisms (both enzymatic and non-enzymatic) against the harmful effects of ROS (Mittler, 2002) . In this research, it was observed that a low level of water available for plants promoted high levels of CAT and APX (Fig. 3) , corroborating with Rivas-San and Plascencia (2011), who Net assimilation rate of CO 2 (A), stomatal conductance (gs), leaf transpiration (E) and relative water content in common bean plants subjected to different soil humidity levels (60%, 80% and 100% FC). The t test showed differences at 1% significance for A, gs and E, and at 10% significance for RWC Catalase (µmol min -1 mg -1 protein) and ascorbate peroxidase (µmol min -1 mg -1 protein), in common bean plants subjected to different soil water levels (60%, 80% and 100% FC), and to applications of two bioregulators (SA and BR).
The t test showed differences at 10% significance claimed that water deficit leads to ROS accumulation, promoting lipid peroxidation, chlorophyll degradation and the loss of photosynthetic activity and membrane integrity. Furthermore, when the soil moisture level was increased to 100% FC, CAT and APX activity were increased significantly when compared to the control. This response correlates to the damaging effect of water deficit, which leads to substrate (H 2 O 2 ) suppression in the reaction catalyzed by these enzymes (Mittler, 2002) . This shows that both SA (Khan et al., 2015) and BR (Nuñez et al., 2010) activate mechanisms that stimulate the antioxidant biosynthesis of enzymes, and so potentially make plants more tolerant of water stress.
For the biometric parameters, a quadratic adjustment occurred for the number of plant nodes when subjected to different soil moisture levels. When the plants were grown at 60% and 100% FC, both of the bioregulators were effective in increasing the number of nodes per plant. Under the 100% FC regime, a significant interaction effect occurred for shoot dry matter and number of nodes: SA was extremely effective in increasing dry matter accumulation (Fig. 4) . Under condition of low water availability, a reduction in dry matter can be explained by a decrease in photosynthetic rates, and consequent adjustment in the allocation of plant biomass (Zlatev and Lidon, 2012) . The linear increase in dry matter following SA application can be explained by the interaction between the signaling pathways linking the SA and auxin hormones during the plant vegetative stage (Rivas-San and Plascencia, 2011), in which auxin is responsible for plant root and shoot expansion (Larqué and Martin, 2007) . This effect of SA on dry matter accumulation agrees with the results obtained by Pacheco et al. (2013) .
An increase in soil moisture led to a linear increase in the number of flower buds fixed by the plants. This result was expected, because a lack of water during the flowering period may cause abortion of flowers, due to competition between the source and sink, with the elimination of abnormal flowers due to a lack of nitrogen or carbohydrates (Hostalácio and Valio, 1984) . The use of bioregulators was unable to counter this effect of water deficit.
CONCLUSIONS
Predominantly the salicylic acid and 24-epibrassinolide had a positive effect on photosynthetic pigments, antioxidant enzyme activities (CAT and APX), shoot dry matter and number of nodes, when plants were subjected to under flooding conditions. While gas exchange and the number of flower buds responded only to soil moisture levels. to different soil water levels (60%, 80% and 100% FC), and to two applications of bioregulators (SA and BR). The t test showed differences at 1% significance for plant dry matter, and 10% significance for number of nodes and flower buds 
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